Computer programs are described that direct the collection, processing, and graphical display of numerical data obtained from high resolution thermal denaturation (1-3) and circular dichroism (4) studies. Besides these specific applications, the programs may also be useful, either directly or as programming models, in other types of spectrophotometric studies employing computers, programming languages, or instruments similar to those described here (see Materials and Methods).
INTRODUCTION
The work in our laboratory centers on studying the physical and biochemical properties of DNA. The goal is to understand the role of DNA structure in gene regulation (reviewed in 5). In addition to using computer programs for DNA sequence handling (6, 7) , a number of programs were written in our laboratory to facilitate various physical studies on homogeneous DNA fragments. These programs have proved invaluable in gathering, storing, and processing large amounts of numerical data obtained from high resolution thermal denaturation (1-3) and circular dichroism (4) studies. This paper describes the most generally applicable programs developed in our laboratory. These programs direct the collection, processing, and graphical display of experimental data gathered from specific instruments (see Materials and Methods). In addition to their use in high resolution thermal denaturation and circular dichroism studies, some of the programs may also be adaptable to other types of spectrophotometric studies and serve as models in applications requiring the rapid collection of large amounts of numerical data. Finally, this paper discusses some of our approaches in dividing complex data processing problems into units that are manageable by a small computer and in devising program and data formats that are simple and provide compatibility over a wide range of data processing tasks.
MATERIALS AND METHODS
The programs described in this paper were developed for a Digital Equipment Corp. (DEC) PDF 11/03 microcomputer equipped with an 8-inch RX11 dual drive single density floppy disk system. An RT-11SJ (V02C-02G) operating system is currently used in this system. The computer language employed in writing these programs is either Macro Assembler machine language (designated as Macro or machine language in the text) or PDP-11
Fortran IV (refered to as Fortran). Finally, references 8 and 9 provide useful definitions and examples for some of the specialized terms (e.g. "file", "subroutine", "ASCII") that are used in the text.
RESULTS
Computers provide speed, accuracy, and convenience in the repetitious collection of experimental data generated by various types of instruments. In interfacing a computer with some instrument, two components are necessary: first, a hardware interface to physically connect the computer and the instrument producing the data, and second, a software, or program, interface to regulate the flow of data and commands between the computer and the peripheral instrument.
In addition to controlling an experiment and receiving the data generated, this data must also be stored and processed by the computer.
Programming is necessary to direct these operations. Finally, it is also desirable that the computer be programmed to produce plots and figures from the processed data by means of printing and graphics programs.
Considering these tasks, the programs described below are grouped on the basis of their functions: interfacing programs, programs for the acquisition and processing of data, and graphics programs for data display. The particular hardware requirements for these programs are enumerated in Materials and Methods. The coordination and overall operation of the individual programs is described in the Discussion.
A. Interfacing Programs
Three machine language subroutines were developed as the software interface to allow data, commands, and instrument status information to be transfered between the computer and a Varian spectrophotometer.
VARIN
This subroutine returns 18 4-bit binary coded decimal words containing photometric, wavelength, and (when the Varian supplied temperature accessory is installed) temperature data from the spectrophotometer. In addition to the logical division of tasks in a complicated process of data processing, each of the series of programs allows a section at the beginning of the output file for written comments. In the case of the high resolution thermal denaturation data processing programs, the programs themselves automatically add a message recording the particular processing step in addition to allowing the operator to enter comments from the keyboard. This is a particularly helpful feature in that it allows processing steps to be traced for any file at any time.
A number of problems may be encountered in transferring computer programs between different laboratories. Many of these arise from differences in the computer hardware and different computer languages used in various labs. Subtle differences in the problems being addressed and the differing data formats and processing needs may also require that programs received from outside sources be modified (sometimes extensively) in order to meet the particular needs of the research. In spite of these drawbacks, however, the publication and exchange of scientific programming may be helpful in providing researchers with models on which to base their own programming efforts and ideas as to helpful features that can be included.
